Abstract
Introduction
Information systems researchers have begun to use expectation disconfirmation theory (EDT) to explain user information technology (IT) satisfaction (e.g., . EDT has long been a dominant marketing paradigm for studying customer satisfaction across many products and services (Tse, Nicosia, & Wilton, 1990) . In an IT context, EDT explains how technology satisfaction is created as users form initial technology expectations, use the technology, and compare technology performance against initial expectations. According to EDT, expectations are one's preusage beliefs about how a technology will perform based upon certain attributes of the technology (Olson & Dover, 1979) . Performance is an individual's post-usage belief about how the technology performed on the expectation attributes during the use period (Cadotte, Woodruff, & Jenkins, 1987) . Disconfirmation, in turn, is a subjective post-usage comparison that can result in one thinking performance was better, the same as, or worse than expected (Oliver, 1980; Olson & Dover, 1979) . EDT posits that expectations, disconfirmation, and performance can all affect satisfaction (Figures 1  and 2 ). Satisfaction is an important IT-dependent variable that represents a user's emotional state, feelings, or affective attitude about the system following a usage experience Doll & Torkzadeh, 1988) .
In an EDT literature overview, Oliver (1997) describes two EDT models. The first model is called the simplified expectation disconfirmation model (hereafter called the "simplified model") and includes expectation, disconfirmation, and satisfaction ( Figure 1 ). In this model, expectation is generally predicted to have a negative influence on disconfirmation, as higher expectations are more likely to be negatively disconfirmed (i.e., performance is worse than expected) (Appendix A). Also, both expectations and disconfirmation are predicted to lead to higher satisfaction levels. The second model is called the complete expectation disconfirmation with performance model (hereafter called the "complete model") ( Figure 2 and Appendix A). This model contains performance as an additional variable. It shows that expectations positively influence performance, and performance positively influences disconfirmation and satisfaction. The only difference between the simplified and complete models is the inclusion of performance and its relationships with the other EDT variables. Oliver (1997) claims that the complete model incorporates all the empirical relationships currently recognized by EDT researchers.
We understand that researchers justifiably favor the more parsimonious of two models. For example, the technology acceptance model (TAM) is often favored over other models (e.g., the theory of reasoned action or the theory of planned behavior) for studying IT acceptance because it predicts well with fewer variables. While parsimony is important, an overly parsimonious model may not explain a phenomenon as well as a rival model. We will argue that the simplified EDT model often does not explain as well as the complete EDT model. In the process, we use arguments from the marketing EDT literature, based on such foundations as social judgment theory and prospect theory.
Assessing the use of these models, we find that despite the growing number of IT EDT studies, little IT research to date examines the simplified model, and no IT EDT research to date examines the
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complete model (see Appendix B for a summary of IT EDT literature). Many IT researchers may leave out expectations and not test the simplified or complete models due to the difficulty of conducting longitudinal studies in which expectations are collected in time 1 and performance and disconfirmation are collected in time 2 1 . Further, IT EDT researchers may not test the complete model or include the complete model's performance variable because performance can correlate highly with disconfirmation, which could distort results through multicollinearity . Also, in certain circumstances, performance may not add to our understanding of IT satisfaction, making the more parsimonious simplified model the better choice. Studies may also focus on a large number of technology attributes, making it statistically infeasible to test all three variables (expectations, disconfirmation, and performance). However, using the simplified and complete models can help researchers better understand how the expectation-disconfirmation process works to form satisfaction. Understanding satisfaction is important because it is a key indicator of IT success , an important predictor of IT continuance intentions (Limayem, Hirt, & Cheung, 2007) , and a variable that has advantages over other IT success factors in mandatory contexts and online environments (Bhattacherjee, 2001b) . While other models have been used to predict satisfaction, such as the IT continuance model (Bhattacherjee, 2001a) and the IT success model (DeLone & McLean, 1992) , the simplified and complete models specifically show how satisfaction forms through a disconfirmation process involving both one's initial expectations, and whether initial expectations were met or not (i.e., disconfirmation). This process has been shown to predict satisfaction with consumer products as well as IT Spreng & Page, 2003) . Further, using the complete model to study the EDT process rather than the simplified or other incomplete models is especially important because it can show whether or not performance is instrumental in explaining satisfaction above and beyond what expectations and disconfirmation explain.
Performance
Performance is conceptually and operationally different from modified beliefs, which are included in some IT EDT studies (e.g., Bhattacherjee, 2001a; Brown, Venkatesh, Kuruzovich, & Massey, 2008; Limayem et al., 2007) , but which are not a part of mainstream EDT per Oliver (1997) . Performance refers to how individuals think a technology performed during the usage experience, and is measured with items referring to this past usage period. For example, to measure usefulness performance, items ask subjects if using the technology enhanced their performance or was useful. Performance is a variable that can be compared with expectations, the earlier forecast or projected beliefs. In contrast, modified beliefs refers to how individuals think a technology currently performs based on the usage experience, and is measured with items asking about current beliefs. For example, to measure modified usefulness beliefs, items ask subjects if using the technology enhances their effectiveness or is useful. Modified beliefs are, therefore, an update of earlier expectations and do not report how the technology did or how it performed, but rather how it is now doing. This difference is important because the theory behind EDT says that disconfirmation is a comparison that the person makes between expectations and performance. Only with the performance variable can this progression of thought be traced. The
Lankton & McKnight / Examining Two EDT Models
modified beliefs variable does not track how the technology performed, but how it is now expected to perform. Thus, it cannot be used to form disconfirmation. This is why performance is modeled as an antecedent of disconfirmation, while modified beliefs are modeled as a consequent.
One way performance can explain how satisfaction forms is by revealing assimilation effects through its mediating role in the expectations-satisfaction link. Assimilation effects point to a stronger reliance on expectations than disconfirmation in forming satisfaction (Oliver, 1997) . Assimilation is salient in an IT context because many technologies are complex and not well known. For instance, they are less well known than the consumer products studied in marketing research. This can make it difficult for certain users to evaluate performance and undergo the non-trivial disconfirmation process. Instead, they rely on initial expectations to form satisfaction judgments. In these situations, practitioners should focus on getting initial expectations correct through training and other communications.
Another way performance can help explain satisfaction is through an asymmetric relationship that implies differences between positive and negative perceptions. Asymmetry is relevant to IT because the presence or absence of some system attributes is likely to evoke nonlinear effects. For example, having fast response times may maintain one's satisfaction, but not having them will make one dissatisfied. Unraveling these complexities can help practitioners make better design decisions. Overall, using the complete model that includes performance can help researchers further explore why some ITs succeed and others fail. It can also help IT practitioners make performance enhancement decisions during system design and maintenance.
Because there can be advantages to using the complete model with performance yet little IT research to date has examined it, the first objective of this research is to test the complete model in an IT context and compare the results to those using the simplified model. We investigate the research question: How do the complete model and the simplified model differ in predicting satisfaction and continuance intention? To answer this question, we examine assimilation and asymmetric effects in both models. As a supplemental analysis, we also examine the mediating role of satisfaction. We test these effects using data collected from student users of a database software application.
Our second research objective is to understand when it is better to apply the complete model versus the simplified model. We investigate the question: Do certain conditions exist in which the differences between the simplified and complete models are more prominent? Prior research suggests that performance's role in the EDT process may depend on the attribute examined and user experience. To address this, we explore usefulness and ease-of-use attributes, which, while not as pertinent in the marketing literature, are among the most common attributes associated with technology use. For example, ease of use may not be important for marketing products such as food, CDs, or clothing, but it is often important to satisfaction in an IT context. We also examine users with low versus high prior database software application and related computer experience. Overall, our findings contribute by demonstrating not only how the complete model can explain the EDT process better than the simplified model, but also when IT EDT researchers should apply the complete model versus the simplified model.
The paper proceeds as follows. We first describe performance's additional role in the complete model and develop hypotheses. We then present the methodology, the results, and discuss both the study's implications and its directions for future research.
The Complete Model and Performance
In the complete model, performance relates positively to disconfirmation. Holding expectations constant, the higher the performance, the more likely performance will exceed expectations, resulting in positive disconfirmation (Spreng & Page, 2003) . Therefore, this relationship explains how performance is converted into a psychological comparison (i.e., disconfirmation) (Oliver, 1989) . Performance plays additional explanatory roles in the complete model that are important for IT EDT research.
Revealing Assimilation Effects
Assimilation is the general process of incorporating new attitudes/beliefs into existing attitudes/beliefs to avoid dissonance (Sherif & Hovland, 1961 (Sherif & Hovland, 1961) . Based on this notion, assimilation contrast theory posits that if the comparison falls within the latitude of acceptance, assimilation will occur, meaning that individuals will view the new stimuli as being more similar to their existing beliefs than they actually are, and accept or integrate them into their own beliefs. If the comparison falls within the latitude of rejection, contrast will occur, meaning that individuals will perceive the new stimuli as being more different from their own beliefs than they actually are, and thereby reject them (Sherif & Hovland, 1961) . This notion is illustrated by comparing one's position on a social issue with that of another person (Oliver, 1997) . If the other's position is not different, such that it falls within one's latitude of acceptance, then one will see the positions as similar, and shift or assimilate the other's position toward one's own. If the other's position is far enough away from one's own, such that it falls within one's zone of rejection, then one will exaggerate the difference and not be swayed by the other's message.
In EDT, expectations and disconfirmation are proxies for assimilation and contrast effects on satisfaction. In this context, assimilation means one relies on expectations in forming satisfaction judgments. One is more likely to assimilate performance perceptions toward expectations if performance is close to initial expectations (i.e., in one's zone of acceptance) (Anderson, 1973; Oliver, 1997; Oliver & Desarbo, 1988; Yi, 1990) . Thus, assimilation supports a positive relationship between expectations and satisfaction because individuals respond to performance with satisfaction levels that are similar to their expectations (Oliver & Desarbo, 1988) . Contrast means one relies on disconfirmation to form satisfaction judgments. Contrast is more likely to occur when performance is different enough from expectations that it falls into an individual's zone of rejection (Anderson, 1973; Oliver, 1997) . Individuals will then magnify the discrepancy when evaluating satisfaction and translate a positive discrepancy (i.e., positive disconfirmation) into higher satisfaction, and a negative discrepancy (i.e., negative disconfirmation) into lower satisfaction (Oliver & Desarbo, 1988; Yi, 1990) .
Assimilation effects manifest themselves differently in the simplified and complete EDT models. In the simplified model, a positive relationship between expectations and satisfaction represents assimilation. In the complete model, by including performance, the theoretical assimilation effect is more completely depicted as expectation's indirect effect on satisfaction through performance (Spreng, MacKenzie, & Olshavsky, 1996) (Appendix A). Therefore, it is possible that when testing the simplified model, the direct path from expectations to satisfaction will not be significant, indicating lack of support for an assimilation effect. At the same time, testing the complete model could show that the indirect path from expectations to satisfaction through performance is significant, indicating that there is, indeed, an assimilation effect 2 . To compare the ability of the simplified and complete models to detect assimilation, we test the following hypotheses: We address the research question of when to use the complete model by predicting that the assimilation effect might be stronger for certain attribute dimensions. Some attributes may be more prone to assimilation, especially if individuals do not attend to the product/technology's performance on that attribute (Oliver, 1997) . Other attributes may be more prone to disconfirmation effects, which require an individual to attend to subjective performance judgments and compare these judgments to their earlier expectations.
Marketing researchers have distinguished between technical and functional attributes (Laroche, Kalamas, Cheikhrouhou, & Cézard, 2004) . Technical attributes are concerned with outcomes or what is delivered or received as a result of product performance (e.g., product reliability). Functional attributes relate to the process itself or how the customer receives the product performance (e.g., responsiveness). Much work in information systems shows that ease of use is an important IT process attribute because it relates to how the IT performance is delivered (i.e., use is easy, not difficult), and usefulness is an important IT outcome attribute because it relates to what is received from the IT performance (i.e., enhanced task performance) (Davis, Bagozzi, & Warshaw, 1989; Lankton & Wilson, 2007a; Venkatesh, Morris, Davis, & Davis, 2003) . Since ease of use is a functional/process attribute, it may be more difficult for individuals to focus on than the technical/outcome attribute usefulness because process dimensions require more attention and processing of complex stimuli (Venkatesh et al., 2003) . Also, usefulness is often more prominent than ease of use in acceptance decisions, making users more likely to attend to it. For example, users are often willing to accept some difficulties with ease of use for an otherwise useful system. While difficulty of use may discourage acceptance of an otherwise useful system, no amount of ease of use can compensate for a system that is not useful (Davis, 1989) . Because: (i) assimilation is stronger when users do not attend to performance of an attribute, and (ii) users will attend less to ease of use performance than to usefulness performance, assimilation should be stronger for ease of use than for usefulness. Thus, we predict: We also address the research question of when to use the Complete Model by examining prior user experience, an important individual characteristic in IT research. Research suggests that prior user experience will affect the likelihood of assimilation. For example, Chang (2004) finds that consumers with low product class knowledge are more likely to assimilate performance to expectations in determining their satisfaction with new products. Low-knowledge consumers have less developed product knowledge structures, resulting in a lower cognitive ability to compare their performance beliefs with expectations to form disconfirmation (Chang, 2004) . Also, research has shown that direct experiences are less diagnostic when prior knowledge is limited (Kempf & Smith, 1998) . Because high-knowledge consumers have more developed product knowledge structures, they have a higher cognitive capacity to compare their initial expectations with their direct experiences (Chang, 2004) . These differences in information processing ability result in stronger contrast (disconfirmation) effects for high-experience individuals and stronger assimilation (expectation to performance to satisfaction) effects for low-experience individuals. Oliver (1997) also suggests that individuals with less prior experience may not be able to judge performance as well as individuals with more prior experience. Therefore, they may be more likely to assimilate performance to expectations in forming satisfaction. This same phenomena can apply to IT use where low prior experience with the technology can make one more likely to assimilate performance to expectations in forming satisfaction judgments. 
Uncovering Asymmetric Effects
The performance construct can also uncover asymmetric effects on satisfaction. Asymmetry means that positive and negative values of an independent variable have different impacts on a dependent variable (Cheung & Lee, 2005) . Negative asymmetry means one unit of a negative value for a certain variable affects the dependent variable more than one unit of a positive value. Prospect theory forms the basis for the negative asymmetric effect. Prospect theory postulates that, when making judgments, people commonly perceive that the disutility caused by losses is greater than the utility caused by equivalent gains (Kahneman & Tversky, 1979; Mittal, Ross, & Baldasare, 1998) . Thus, people prefer avoiding a loss over acquiring a gain (Yi & La, 2003) . Negative asymmetry is also supported by the principle that "bad is stronger than good" because individuals will react more strongly to bad things as an adaptive response to their environment (Baumeister, Bratslavsky, Finkenauer, & Vohs, 2001; Cheung & Lee, 2009) . Not responding to something that might have positive outcomes has less dire consequences (e.g., mere regret) than not responding to something that might have negative outcomes (e.g., actual harm) (Baumeister et al., 2001; Cheung & Lee, 2009 ).
Asymmetric effects are important for understanding satisfaction because they can help explain why increasing performance or disconfirmation does not have a corresponding increase in satisfaction (Cheung & Lee, 2005) . For example, if negative performance asymmetric effects exist (i.e., negative performance has a significantly larger impact on satisfaction than does positive performance), user satisfaction can drop dramatically with negative performance. Thus, developers should focus more on avoiding negative performance perceptions than on enhancing positive performance perceptions (Cheung & Lee, 2005) .
While most EDT research assumes symmetric relationships, some researchers find both negative and positive asymmetric effects (Anderson & Sullivan, 1993; Cheung & Lee, 2005 , 2009 Mittal et al., 1998) . While this research has enhanced our understanding of how satisfaction forms, it has not yet investigated the joint asymmetric effects of expectations, disconfirmation, and performance on satisfaction. The complete model identifies these variables as the three key drivers of satisfaction (Oliver, 1997) . Therefore, it is not enough to examine disconfirmation or performance asymmetric effects in isolation. To understand the full impact of asymmetric effects on satisfaction, the asymmetric effects of all three variables should be examined within the same model. This can only be done by researchers examining the complete model constructs; to our knowledge, this has not yet been done in IT EDT research.
We predict that the types of asymmetric effects (i.e., negative or positive) will depend on attribute type. Anderson and Mittal (2000) call attributes demonstrating negative asymmetry "satisfactionmaintaining attributes" because they represent core attributes individuals take for granted. Satisfaction will drop dramatically if a technology fails in this feature (Cheung & Lee, 2005) . To achieve higher satisfaction levels, developers should try to improve these attributes.
On the other hand, positive asymmetry attributes are called "satisfaction-enhancing attributes" because they differ in a good way from what individuals would normally envision (Anderson and Mittal, 2000) . Satisfaction will increase significantly if a technology contains these features (Cheung & Lee, 2005) . Developers should make sure they maintain these attributes to achieve higher satisfaction levels.
As we explained earlier, usefulness is a necessary condition for future use of a technology. Individuals will not be pleased with technology use if the IT is not useful. Because of this, we predict usefulness is a satisfaction-maintaining or negative asymmetry attribute. In other words, negative usefulness will have more of an effect on satisfaction than positive usefulness, meaning satisfaction will drop more for negative usefulness than it will increase for positive usefulness. Consistent with our earlier discussion that individuals' usefulness perceptions will be more prone to disconfirmation (i.e., contrast) effects, we also predict that this usefulness negative asymmetry will occur for disconfirmation. Individuals may put up with a technology that is not easy to use as long as it is useful. In this sense, finding that the system is easy to use may come as a surprise or delight to the individual. This implies that ease of use will be a satisfaction-enhancing or positive asymmetry attribute. Satisfaction will increase more for positive ease of use than it will decrease for negative ease of use. We predict that the positive asymmetry for ease of use will exist for performance, because ease of use is more prone to assimilation effects on satisfaction through performance than contrast effects through disconfirmation. Because performance is measured only in studies examining the complete model, we make the following prediction for the complete model only. 
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Methodology
We investigate the EDT models in a longitudinal survey of undergraduate business students using Microsoft Access. Access is an appropriate technology to use because it is similar to other technologies for which both ease of use and usefulness beliefs have been examined (e.g., Davis et al., 1989) . EDT is not specific to any product or technology, so it should be applicable to Microsoft Access. The US university students were enrolled in an introductory information systems course. While Access use was required for the course, EDT applies to both mandatory and voluntary contexts because satisfaction (unlike constructs like use and intention) can measure IT's effectiveness or success regardless of any requirements to use the technology DeLone & McLean, 2003; . For example, individuals who are required to use a technology every day for work may still think it is not a success because they are dissatisfied with it. To make continuance intention applicable in this mandatory context, we measured the items after the required coursework and referred to students' continued use after the course . Students are an appropriate sample because findings from student-based adoption studies have generally been consistent with those done in the field (Lee, Kozar, & Larsen, 2003) . Also, student subjects have been used in prior IT EDT studies (e.g., Spreng & Page, 2003) . Participants were 48 percent male with the average age 21. On average, they had used computers for 11 years and their previous Access experience was 2.9 on a scale of 1 (no experience) to 7 (extensive experience).
Procedure and Measurement Scales
Our procedure generally follows that of . We administered the first questionnaire (Appendix C) to assess expectations after students had received a short lecture on Access software, practiced with an Access tutorial CD, and had taken two short Access quizzes with general information about tables and queries. This gave them enough Access knowledge to form initial expectations. Three hundred and fifty students completed the first questionnaire and 296 (85 percent) completed the second (six weeks later). To test for non-response bias, we compared mean expectations and Access experience between those who took and did not take the second questionnaire. We found no significant mean differences.
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Between taking the first and second questionnaires, students completed the remaining Access database assignments, quizzes, and a practical exam 4 . The second questionnaire measured performance, disconfirmation, satisfaction, and continuance intentions. Respondents received extra credit points (1 percent of possible course points) for completing both questionnaires.
We adapted all measures from prior scales demonstrating good psychometric properties (Appendix C). Following common practice McKinney, Yoon, & Zahedi, 2002) , the usefulness and ease-of-use expectation, performance, and disconfirmation items were worded to reflect expectation's forward-looking nature, performance's backward-looking nature, and disconfirmation's comparative nature. That is, the expectation items asked: "Based on my experience so far, I expect that Microsoft Access will…". The performance items asked: "Based on your experience with Microsoft Access, it was...". The disconfirmation items asked: "Compared to your initial expectations, the ability of Microsoft Access [was better or worse than expected]". 
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We first conducted an initial exploratory factor analysis of all items in SPSS to assess item quality. Using principle components analysis with direct oblimin rotation, we identified six factors with eigenvalues greater than 1 that explain 82 percent of the total variance. Next, a scree test (Cattell, 1966) revealed an eight-factor solution. Because the eight-factor solution is more interpretable than the six-factor solution, we retained the eight factors. We dropped the first satisfaction item because it loaded at less than .60 and had a cross-loading greater than .30. All other items loaded at greater than .70 and had no cross-loadings greater than .30 (see final item loadings in Table 1 ).
Results
Measurement Model Results
We created a measurement model in EQS, a structural equation modeling software, to assess the latent constructs' psychometric properties. Goodness-of-fit statistics lie within tolerance levels (Bentler & Bonett, 1980; Bollen, 1989; Browne & Cudeck, 1992) . The non-normed fit index (NNFI) was .970, the comparative fit index (CFI) was .974, the root mean square error of approximation (RMSEA) was .050, and the χ 2 / degrees of freedom was 1.73 (653.32 / 377) . We also find that convergent validity was adequate. The factor loadings were greater than the 0.70 standard, the internal consistency reliabilities (ICRs) were above the .80 standard, and the average variances extracted (AVEs) were above the .50 standard (Fornell & Larcker, 1981) (Table 2 ). Discriminant validity was also adequate. The square root of the AVE for each construct was greater than the construct's correlation with other constructs (Chin, 1998) (Table 2) . Also, there were no crossloadings greater than .30 (Table 1) . Finally, the Lagrange Multiplier χ 2 values were all below 24.52, and were not associated with large standardized parameter change values. We also tested for multicollinearity and common method variance. Condition indices were under 30, ranging from 1 to 22, and no variable had two variance decomposition proportions greater than .50. This test suggests multicollinearity is not a problem (Belsley, Kuh, & Welsch, 1980; Jagpal, 1982) . To assess common method variance, we used two tests. First, we used a single-factor confirmatory factor analysis (CFA) approach in which all items are modeled as indicators of a single factor that represents method effects. Method biases are assumed to be substantial if the hypothesized model fits the data (Malhotra, Kim, & Patil, 2006; Podsakoff, MacKenzie, Lee, & Podsakoff, 2003) . For our data, the hypothesized model with one factor has extremely poor fit (NNFI = .416, CFI = .455, RMSEA = .221, χ 2 / degrees of freedom = 15.40 (6251.14 / 406)). Next, we controlled for the effect of an unmeasured latent methods factor (Podsakoff et al., 2003; Widaman, 1985) , and found that doing so only minimally improved model fit (non-normed fit index increased .008) (Bentler & Bonnet, 1980 : Elangovan & Xie, 1999 Williams, Cote, & Buckley, 1989) . In addition, the original factor loadings are significant even with the method effects taken out 5 5 While there are some criticisms to using the single factor and the method factor approach to test for common method variance, a method without problems has not yet been identified (Sharma, Yetton, & Crawford, 2009 ). In addition, we used a longitudinal survey with different endpoints for some scales, both of which can help reduce common method variance (Podsakoff et al., 2003) .
. Together these tests indicate that common method variance is not a major problem. 
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Structural Model Results
We then tested the structural model for the simplified ( Figure 3 ) and complete models (Figure 4 ) in EQS. To account for any relationships between similar ease of use and usefulness constructs (e.g., ease-of-use and usefulness expectations, ease-of-use and usefulness disconfirmation, and ease-ofuse and usefulness performance), we allowed the two expectation constructs and the error terms for the disconfirmation and performance constructs to freely correlate. 
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For the simplified model, the paths from usefulness and ease of use expectations to usefulness and ease of use disconfirmation, respectively, are significant and positive ( Figure 3) . Also, in the simplified model, the paths from usefulness and ease of use disconfirmation to satisfaction are significant, and the paths from usefulness and ease of use expectations to satisfaction are not significant. Finally, satisfaction significantly influences usage continuance intentions.
The complete model shows similar results for these relationships, except that usefulness and ease of use expectations no longer directly affect usefulness and ease of use disconfirmation, respectively (Figure 4 ). For both usefulness and ease of use, expectations significantly influence performance, and performance significantly influences disconfirmation. Performance significantly influences satisfaction for ease of use, but does not significantly influence satisfaction for usefulness 6
Testing for Assimilation Effects
.
As stated above, we find that expectations do not have a significant direct effect on satisfaction in the simplified model (Figure 3) . Therefore, the simplified model does not reveal assimilation effects, and H1a is not supported. To test for assimilation effects in the complete model, we analyzed the indirect effects of usefulness and ease of use expectations on satisfaction through performance (Sobel, 1982) . We find that while usefulness expectation does not have a significant indirect effect on satisfaction through usefulness performance (β = .01, p > .05), ease of use expectation does have a significant indirect effect on satisfaction through ease of use performance (β = .10, p < .01). Thus, H1b is partially supported 7 .
H2a and H2b refer to the assimilation effect being stronger for ease of use than for usefulness. Because significant assimilation effects were not found in the simplified model, H2a is not supported. For the complete model, we tested this hypothesis by analyzing whether the significant ease of use assimilation effect was significantly different from the non-significant usefulness assimilation effect. We found that the 95 percent confidence intervals around the two paths do not overlap, providing assurance that the assimilation effects are stronger for ease of use than for usefulness at p < .05. This shows support for H2b.
To test whether assimilation effects are stronger for individuals with less prior experience than for individuals with more prior experience (H3a and H3b), we split our data into low (mean = 1.52, n = 129) and high (mean = 4.04, n = 167) prior Access experience datasets, and into low (mean = 8.96, n = 165) and high (mean = 13.48, n = 131) years of prior computer use (to represent related experience) datasets (see Appendix C for the questionnaire items and scales) 8 . We then ran the structural models for each dataset using the simplified and complete models. The only significant assimilation results for the simplified model are for usefulness expectations for high-experience users in the prior computer use dataset (β = .22, p < .05) (Table 3) . However, examining confidence intervals, we find that this effect is not significantly different at p < .05 from the non-significant effect for low-experience users (β = .01, ns). Thus, testing the simplified model shows that assimilation is not significantly different between low and high-experience users, showing a lack of support for H3a.
In the complete model, we find significant assimilation effects for users with low prior Access experience and those with low prior computer use for the ease of use attribute (Table 3) . We find that for both experience types, the confidence intervals for the low-experience ease-of-use indirect effects do not overlap with the confidence intervals for the high-experience ease-of-use effects 9 . This provides assurance at p < .05 that the low-experience ease-of-use indirect effect is stronger than the high-experience ease-of-use indirect effect, and support for H3b. 6 Usefulness performance does significantly influence satisfaction when the complete model is run with just the usefulness attribute.
Our results indicate that when controlling for the effects of ease of use expectation, disconfirmation, and performance, usefulness performance does not significantly influence satisfaction. Hence, for our study, it is important to analyze both usefulness and ease of use in the same model. 7 We also tested for assimilation by performing a group analysis between users with high/low discrepancies between expectations and performance. Results are similar to those reported. 8 The high/low groups were split based on means. 9 To perform this test for the indirect effects between low-and high-experience groups, we used the method suggested by Wolfe and Hanley (2002) that accounts for sample independence. 
Testing for Asymmetric Effects
To test for asymmetric effects, we follow the dummy variable approach (Cheung & Lee, 2005 , 2009 Mittal et al., 1998) . This approach is needed to separate an independent variable into two variables: one that indicates when the independent variable's value is positive, and one that indicates when the independent variable's value is negative. Then these positive and negative dummy variables can be tested for their influence on a dependent variable. If the path coefficients between the positive and negative dummy variables are significantly different, this indicates an asymmetric effect (Cheung & Lee, 2005) . In our study the goal was to observe differential effects between the positive and negative construct values of expectations, disconfirmation, and performance, on satisfaction. Thus, for each of the six constructs (usefulness expectation, usefulness disconfirmation, usefulness performance, ease of use expectation, ease of use disconfirmation, and ease of use performance) we created two dummy variables. For example, we created a dummy variable called "usefulness positive disconfirmation" based on the usefulness disconfirmation responses. We gave the dummy variable a value of 1 if usefulness disconfirmation ranged from over 4 to 7 (i.e., was positive), and a value of 0 if usefulness disconfirmation ranged from 1 to 4 (i.e., was negative or neutral). Likewise, we also created a dummy variable called "usefulness negative disconfirmation" based on the usefulness disconfirmation responses. We gave this dummy variable a value of 1 if usefulness disconfirmation ranged from 1 to under 4 (i.e., was negative), and a value of 0 if usefulness disconfirmation ranged from 4 to 7 (i.e., was neutral or positive)
10
. We used a similar procedure to create dummy variables for usefulness expectations, usefulness performance, ease of use expectations, ease of use disconfirmation, and ease of use performance.
We then ran two structural models in EQS (Table 4 ). The first model contains the eight paths from the expectation and disconfirmation dummy variables to satisfaction. This model could be run by researchers examining the simplified model. The second model includes the 12 paths to satisfaction from the expectation, disconfirmation, and performance dummy variables. This model could be run by researchers investigating the complete model. To test H4a and H4b for usefulness negative asymmetric effects, we examined the differences in absolute magnitude between positive and negative usefulness disconfirmation using a Wald test (Cheung & Lee, 2009) . For the simplified model (i.e., the model containing only the expectation and disconfirmation dummy variables), there are no significant differences in absolute magnitude between positive and negative effects. Thus, H4a is not supported. However, in the complete model (i.e., the model that examines expectation, disconfirmation, and performance asymmetries), the significant negative usefulness disconfirmation is significantly different in absolute value from the positive usefulness disconfirmation at p < .01. This means that usefulness disconfirmation has a negative asymmetric effect on satisfaction with negative usefulness disconfirmation having a significantly larger impact on satisfaction than positive usefulness disconfirmation. This supports H4b.
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Finally, in testing H5, we find that the positive ease of use performance effect is significantly greater than the significant negative ease of use performance effect at p < .05. This means that positive ease of use performance has a greater impact on satisfaction (i.e., a positive asymmetric effect) and supports H5. No other significant asymmetric effects were found in our analysis of the simplified and complete models.
Supplemental Analysis
We performed a supplemental analysis to examine any additional role of performance (besides better revealing asymmetric or assimilation effects) that might demonstrate the complete model's value. Marketing research shows that EDT's satisfaction influences re-purchase intentions (e.g., Oliver, 1980) . This is based on the notion that a satisfied (or unsatisfied) customer is more (or less) likely to repurchase and reflects the theory of reasoned action's premise that attitudes have a direct influence on intention (Fishbein & Ajzen, 1975; Oliver, 1980) . While satisfaction typically fully mediates the effects of both disconfirmation and performance on intentions, there have been some exceptions in the marketing literature. For example, Mittal et al. (1998) find that satisfaction does not fully mediate the performanceintention relationship. These effects have not yet been explored in information systems and have not been examined using the complete model. Direct effects on intentions that are not fully mediated by satisfaction can further demonstrate the importance of including performance in IT EDT models.
Based on this prior research, we tested a model that is similar to the complete model, but that also includes the direct effects of expectations, disconfirmation, and performance on continuance intentions. Table 5 reports each predictor's direct, indirect, and total effects on continuance intentions. We find that in addition to satisfaction, usefulness disconfirmation and performance also have direct effects on continuance intentions. Performing a Sobel test confirms that the direct effect of usefulness
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performance on continuance intentions is not mediated by satisfaction (mediation p value = .94). Also, usefulness disconfirmation is only partially mediated by satisfaction. Examining the total effects shows that usefulness performance has the largest total effect on continuance intentions. This also evidences the predictive efficacy of performance. 
Discussion
Previous IT studies have used various EDT constructs and have tested various EDT models (Appendix B). While Oliver (1997) identifies a complete model that incorporates all the theoretical underpinnings of EDT that are currently recognized, no IT EDT study has examined this model to our knowledge. In fact, many IT EDT studies leave out performance, which, unlike other, similar constructs such as modified beliefs, traces the progression of one's disconfirmation and is critical in identifying assimilation effects. This study compares the simplified and complete models Oliver (1997) proposes to show how and when the complete model provides a better understanding of the EDT process than the simplified model. We discuss our study's main contributions and the related research implications by research objective in the following sections, but first we discuss some overall results.
We find that the variance explained (adjusted R 2 ) in satisfaction is 42 percent in the simplified model and 48 percent in the complete model. Using a f 2 statistic (Cohen, 1988) and assessing the f 2 's significance based on a pseudo F test (Chin, Marcolin, & Newsted, 1996) 11
Differences between the Simplified and Complete Models (Research Objective 1)
, the increase in satisfaction's adjusted R 2 is significant at p < .001. Thus, while the simplified model is more parsimonious, the complete model significantly increases variance explained in satisfaction. This suggests that researchers can explain more about how satisfaction forms by using the complete model. This is important for future research because satisfaction has been a key information systems success indicator for decades (DeLone & McLean, 1992) .
Our study contributes by uncovering differences between the simplified and complete models. For example, we find differences in the two models relating to assimilation effects. Specifically, we find that using the complete model with performance uncovers assimilation effects not found in the simplified model (H1a is not supported but H1b is supported). , who use the simplified model, also show no assimilation effect in one of their tests. However, our study shows that it is important to use the complete model that includes performance when examining assimilation because this effect can be revealed by the indirect effect of expectations on satisfaction through performance.
According to our EDT literature review in Appendix B, there are four IT EDT studies that test models that include all four constructs from the complete model, and hence the models could reveal similar
The pseudo F statistic is calculated as f 2 * (n-k-1), with p, n-(k+p+1) degrees of freedom where n is the sample size, k is the number of constructs in the simplified model, and p is the number of additional constructs in the complete model.
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assimilation effects. However, two of these studies (Kim, Ferrin, & Rao, 2009; Susarla, Barua, & Whinston, 2003) did not use the same attributes for expectations, disconfirmation, and performance. Therefore, their models are not a standard EDT representation, and the indirect path of expectations to satisfaction through performance would not represent assimilation effects. Also, the other two studies do not use the complete model and do not test the expectation to performance path (Khalifa & Liu, 2002-3; Premkumar & Bhattacherjee, 2008) . Therefore, our research contributes by being the first to show that using a complete IT EDT model reveals an assimilation effect as represented by the indirect path from expectations to satisfaction. It will be important for future research to duplicate these findings in other contexts and with other technologies.
Another difference between the simplified and complete models we find in this study relates to asymmetric effects. Specifically, we contribute to research by showing how using the complete model reveals asymmetric effects on satisfaction, whereas using the simplified model does not (H4b is supported; H4a is not). Most surprising is that while a researcher using both the simplified and complete models can test for disconfirmation asymmetric effects, we find this effect only when we add performance asymmetric effects. Finding that the disconfirmation negative asymmetric effects are not significant in the simplified model, but that they become significant in the complete model illustrates a classic "correlated omitted variable" bias in the simplified model. This supports the additional predictive and explanatory value of using the complete model.
Prior research has not examined the asymmetric effects of all three satisfaction predictors in the same model. For example, while Cheung and Lee (2005) also find usefulness negative asymmetries, they only examine usefulness performance. We find that usefulness performance has no asymmetric effects (this path was not hypothesized), whereas usefulness disconfirmation does have asymmetric effects (H4b). This difference in results provides a different understanding of how satisfaction forms: negative disconfirmation rather than performance will have a larger effect on satisfaction than positive disconfirmation. Also, Cheung and Lee do not find ease-of-use (i.e., usability) asymmetric effects, yet we find that ease-of-use performance has a positive asymmetric effect (H5). Thus, satisfaction is enhanced more by positive performance than negative performance. The differences in results could be because Cheung and Lee (2005) only examine performance and do not include measured disconfirmation or expectations, as we did. In summary, we show that it is beneficial for future researchers to use all three factors, as can be done when using the complete model, to uncover important asymmetric effects.
Our study not only shows that testing the complete model that includes performance increases our understanding of how satisfaction forms, it also shows that including performance can better predict continuance intention. In our supplemental analysis, we find that ease-of-use performance is the most important predictor of satisfaction, and usefulness performance is the most important predictor of continuance intention-even more important than satisfaction. These findings suggest that researchers should include performance as a direct predictor of continuance intentions in their IT EDT models. Future research can examine whether this latter relationship wears off over time as behavior becomes more habitual.
When it is Better to Use the Complete Model (Research Objective 2)
This study also contributes by determining conditions in which the differences between the simplified and complete models are more prominent. We find that while assimilation effects in the simplified model (or the lack thereof) do not differ based on variable or experience (H2a and H3a are not supported), assimilation effects found in the complete model are greater for ease of use than for usefulness (H2b is supported), and greater for users with lower prior experience than for users with higher prior experience (H3b is supported). In the complete model, assimilation effects are not even significant for either usefulness or high-experience individuals. This means that lower experienced individuals are likely to find only small discrepancies between ease-of-use expectations and performance, perhaps because they do not attend to ease of use performance. Because the discrepancy between ease-of-use expectations and performance is small, these low-experienced individuals assimilate performance to expectations when forming satisfaction judgments.
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Overall, these results show that using the complete model to uncover assimilation effects will be beneficial for researchers who are studying the ease-of-use attribute and/or for researchers using less experienced subjects. While Premkumar and Bhattacherjee (2008) do not test all the paths in the complete model, we use the correlations and standard deviations provided to re-test their model. Our re-testing reveals an assimilation effect. Because they use subjects who are inexperienced with the technology, these results appear to coincide with ours regarding experience. However, the authors do not test for assimilation and therefore do not discuss it in their study's implications. By testing for assimilation in future IT EDT research, these results can be confirmed in other contexts. Future research can also build a stronger theory base for other conditions when assimilation is more/less likely to occur. For example, Spreng and Sonmez (2000) find that assimilation is more likely with low involvement consumers. Using the complete model, researchers should investigate whether this finding extends to IT EDT research.
Our study also answers the question about when to use the complete model by showing that researchers interested in examining both usefulness and ease-of-use asymmetric effects should examine all three of the complete model's satisfaction predictors. Our findings imply that researchers should also consider that both the type of asymmetric effect (positive or negative) and how it is manifested (through disconfirmation or performance) can differ by attribute. Researchers could also develop theory relating to these issues. For example, while just examining performance asymmetry on satisfaction with websites, Lee (2005, 2009) find that understandability and navigation are satisfaction-enhancing attributes (i.e., they exhibit positive asymmetry) and reliability, appropriateness, up-to-datedness, and accuracy are satisfaction-maintaining attributes (i.e., they exhibit negative asymmetry). It appears that, consistent with our study, the former constructs are more process related and the latter are more outcome related. Cumulative results such as these can help build IT EDT theory. Further, researchers could explore differences in asymmetric affects resulting from use context or technology maturities (Anderson & Mittal, 2000) . Our study encourages future research to explore whether these conditions may make it more beneficial to examine asymmetric effects using the complete model constructs.
These conditional results imply that it is sometimes better to use the more parsimonious simplified model, such as when researchers examine assimilation effects for usefulness and/or high-experience users. We find that the simplified model provides similar results regarding assimilation as the complete model does for the ease of use with high-experience users and for usefulness with lowexperience users. In these cases, neither model finds assimilation effects. Therefore, using the complete model provides no added explanatory power to detect these effects, and the more parsimonious simplified model could be used. There are significant assimilation effects in the usefulness high-experience group using the simplified model. However, because we do not find these effects for this group using the complete model, using the simplified model in these cases would falsely detect assimilation effects that are not present when performance is added to the model.
Limitations
This paper has several limitations. Because the subjects were undergraduate students, the results better generalize to entry-level technology users than to experienced users. Other EDT studies, recognizing the difficulty in obtaining use-controlled longitudinal samples from organizations, have used similar subject types . In addition, because the technology use involved a classroom situation, the students may have been more apt to have high technology expectations of the system because they knew the professor selected it for class use. Our data shows that both mean usefulness expectations (mean 5.23, t = 19.42, p < .001) and mean ease-of-use expectations (mean = 4.91, t = 14.16, p < .001) were significantly higher than the neutral point. Still, this is similar to other settings in which someone other than the user picks out specific IT based on performance recommendations from vendors or consultants. Further, mean satisfaction was not significantly different from the neutral point (mean 4.11, t = 1.720, p > .05), which means this possible upward bias was not consistent in all responses. Another limitation is that we did not assess whether students having different lecturers introduce them to Access created significant differences in initial expectations. Examining how expectations form was not the focus of our study, but could be examined in future research. Finally, we examined only two attribute dimensions; other attribute dimensions may be salient in this and other contexts. Also, usefulness and ease of use may behave differently in business contexts.
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Practical Implications
Based on the differences we find between the simplified and complete models in satisfying our first research objective, our study implies that practitioners and developers should monitor and assess system performance perceptions, which is an important additional component of the Complete Model. Measuring performance perceptions can alert developers to both assimilation (whether performance perceptions are close to initial expectations) and asymmetric effects (whether positive/negative performance has differing effects on satisfaction). Our supplementary findings also indicate that understanding performance levels can help practitioners increase both satisfaction and continuance intentions. For example, we show that increasing ease-of-use performance can increase user satisfaction.
Findings relating to our second research objective (i.e., determining when it is more beneficial to use the complete model) suggest other practical implications.
First, practitioners should note that users with low-experience may not attend to ease-of-use performance. Any feedback from these users on performance might reflect only their initial expectations about the technology's ease of use, which could be based on reputation or other similar experiences, rather than how the technology performed. However, our results about usefulness show that, regardless of experience level, users will be more likely to attend to the technology's usefulness performance and any discrepancies between this performance and initial expectations. Thus, users' usefulness performance judgments may be more accurate or reliable.
Second, in terms of predicting satisfaction, practitioners should realize that performance is sometimes a stronger predictor of satisfaction than disconfirmation is, depending on the attribute of interest and users' experience level. This matters because increasing disconfirmation involves a complex decision about whether to decrease initial expectations or increase performance perceptions. Increasing performance only involves performance perceptions. Understanding when to focus on performance will allow practitioners to understand more easily what effects their targeted actions will have.
Third, we show further that practitioners should employ the correct development and training strategies based on detailed asymmetric effects by attribute type. They will want to improve negative perceptions for attributes with negative asymmetry and maintain positive perceptions for attributes with positive asymmetry (Anderson & Mittal, 2000 ) (see Table 6 ). Because ease-of-use performance has a positive asymmetric effect on satisfaction, developers should focus on enhancing its positive qualities. This will have a much greater effect on satisfaction than fixing any negative qualities. For example, developers should continue to improve touch screen technology, as users likely perceive the screens make computers easier to use. On the other hand, because usefulness disconfirmation has a negative asymmetric effect on satisfaction, developers should focus on increasing negative disconfirmation. This could require decreasing users' initial expectations of the technology or increasing performance perceptions. For example, developers could warn users early on that the usefulness of an enterprise resource planning system might take some time to realize, thereby decreasing their expectations and increasing disconfirmation. 
Conclusion
Albert Hirschman (1984) suggests that one way to produce more practice-applicable and explanatory economic models is to slightly reduce their parsimony. We argue in a similar manner for models used to test IT EDT. This paper compares Oliver's simplified and complete models to determine whether there are differences in satisfaction and continuance intention prediction. This comparison reveals the value of using the complete model that includes performance in IT EDT studies. Specifically, it shows that including performance reveals assimilation and asymmetric effects. This paper also answers the question about when it is best to use the Complete Model. Assimilation effects revealed by the complete model are strongest for ease of use and for lower experienced users. Because performance is easy to measure, these gains in predictive power and overall understanding of satisfaction justify measuring it separately and including its relationships with the other EDT variables, as depicted in the complete model. Expectation disconfirmation theory generally supports a negative relationship. High expectations should be negatively disconfirmed because performance usually does not meet or exceed these high expectations. Likewise, low expectations are likely to be positively disconfirmed because performance typically does not fall below these low expectations (Yi, 1990; Oliver, 1997) . However, individuals may adjust or forget expectations, which can result in no relationship between expectations and disconfirmation. Also, the halo effect may cause individuals with high expectations to only see high, better than expected outcomes and individuals with low expectations to only see low, worse than expected outcomes, thus creating a positive relationship between expectations and disconfirmation (Oliver, 1997) .
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Appendices Appendix A. Expectation Disconfirmation Theory Hypothesized Relationships
Contrast theory accounts for discrepancies between expectations and performance that are large enough to fall into an individual's zone of rejection (Yi, 1990) . Contrast theory predicts that individuals will magnify large discrepancies when evaluating satisfaction. Individuals will translate a positive discrepancy (i.e., positive disconfirmation) into high satisfaction, and a negative discrepancy (i.e., negative disconfirmation) into low satisfaction (Oliver ,1997; Oliver & DeSarbo, 1988; Yi, 1990) .
Expectations  Satisfaction, 1, and Expectations  Performance  Satisfaction 2 Positive Assimilation theory postulates that if individuals perceive that the disparity between expectations and performance is small enough, they will accept the discrepancy and assimilate their performance evaluations toward their expectations (Yi, 1990) . Thus, assimilation reduces cognitive dissonance between expectation and performance perceptions. Assimilation theory supports a positive relationship between expectations and satisfaction as individuals respond to performance with satisfaction levels that are similar to their expectations (Oliver & Desarbo, 1988 Holding expectations constant, the higher the performance, the more likely performance will exceed expectations, resulting in positive disconfirmation (Spreng & Page, 2003) . This relationship explains how performance is converted into a psychological comparison (i.e., a disconfirmation) (Oliver, 1989) .
Performance  Satisfaction 2 Positive
This relationship captures certain consumer experiences better than the disconfirmation-satisfaction or expectation-satisfaction links (LaTour & Peat, 1979; Tse & Wilton, 1988) . For example, if performance is extremely good or bad, it may be easier for individuals to adjust current expectations rather than performance (Tse & Wilton, 1988) . Also, individuals who are motivated to learn from their experiences may be satisfied with good performance regardless of their expectations or disconfirmation (Tse & Wilton, 1988) .
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Appendix B.
The following table lists IT EDT studies through 2010 found by searching for journal articles in the ProQuest research library by keywords (expectation, disconfirmation, confirmation, information system, information technology) and by specific author names. The table below shows the EDT relationships tested in each study. 
